Tenderness has a prominent position on meat quality and is considered to be the sensory characteristic that most influences meat acceptance. Therefore, the aim of this study was to evaluate the accuracy and determine correlations among three different meat shear force techniques. Commercial samples of bovine Longissimus thoracis et lumborum (BLTL), Tensor fasciae latae (BTFL), Semitendinosus (BST), Psoas major (BPM), Biceps femoris (BBF) and swine Longissimus thoracis et lumborum (PLTL) were analyzed for pH, proximate composition, cooking loss and shear force with a classical Warner-Bratzler device and a TA-XT2 Texturometer equipped with shear blades 1 and 3 mm thick. The effect of different techniques in each studied muscle was statistically analyzed and regression curves were built. Results from the 1 mm blade were quite similar to the ones obtained with the Warner-Bratzler, however the results from 3 mm blade were overestimated (p<0.05). Significant correlation (p<0.01) among shear force technique using Warner-Bratzler and the ones using the Texturometer was observed (0.47 for 1 mm blade and 0.57 for the 3 mm blade). In conclusion, we found that the 1 mm blade and the Warner-Bratzler machine are reproducible for all tested muscles, while the 3 mm blade is not reproducible for the BTFL, BST, BPM, BBF, PLTL. There is a significant correlation between the results obtained by the classical Warner-Bratzler and the TA-XT2 Texturometer equipped with both blades. Therefore, TA-XT2 Texturometer equipped with the 1mm blade can perfectly replace the traditional Warner-Bratzler device.
Introduction
Meat tenderness can be measured by sensory analysis or by instrumental measurements (AMSA, 2015) . Instrumental methods have been widely used in meat because this analysis is inexpensive, faster and mainly because it does not requires panelists. Instrumental methods are characterized by reproducibility and repeatability. Where, repeatability is the variation between measurements that occurs when a person measures the same item several times, using the same measuring equipment, while reproducibility is the variation in the average measurements of different appraisers who measure the same items using the same measuring equipment. Instrumental methods are widely used to measure meat tenderness. However, special attention Copyright ©2016 ISEKI-Food Association (IFA) 10. 7455/ijfs/5.2.2016.a7 during the tests is necessary, as meat is a very complex material and its tenderness varies not only among carcasses, but also among muscles and even within the same muscle (Pinto, Ponsano, & Almeida, 2010; Silva, Contreras-Castillo, & Marcos Ortega, 2007) . Therefore, it is extremely important to reduce the most sources of variation possible during the various steps of the analysis. Although there are several techniques and apparatus (Hopkins, Lamb, Kerr, & van de Ven, 2013; de Huidobro, Miguel, Blazquez, & Onega, 2005; Lorenzen et al., 2010; Xiong, Cavitt, Meullenet, & Owens, 2006 ) that perform these tests, results are not necessarily comparable. The most known and used machine for this purpose is the WarnerBratzler (Bourne, 2002) , which is the standard machine recommended by the American Meat Science Association (AMSA, 2015) . The WarnerBratzler is a mechanical device that uses a steel blade approximately 1 mm thick and provides data as force value (in kgf), which is the maximum force required to shear a meat sample. This force is then correlated with meat tenderness. Another widely used device is the Universal Test Machine ("Instron") and recently, the Texturometer, which is a modern and computerized apparatus, used to determine multiple parameters of food texture and other products. The model TA-XT (Stable Micro Systems) with the aid of Warner-Bratzler shear blades has been greatly utilized by meat tenderness researchers (Rosa, Poleti, Balieiro, César, & Sobral, 2013; Franco & Lorenzo, 2014; Gama et al., 2013; Lambe et al., 2009; Latorre, Lazaro, Gracia, Nieto, & Mateos, 2003; Palka, 2003; Ramirez et al., 2004; Vergara & Gallego, 2000; Yarmand, Nikmaram, Djomeh, & Homayouni, 2013) . Even though, the WarnerBratzler protocol for determining shear force has been standardized with the use of a 1 mm thick blade, it is common to find TA-XT Texturometers equipped with thicker 3 mm blades (Pinto et al., 2010) . This difference in shear blade thickness may be the cause of inaccuracy in such measurements; nevertheless studies about this subject are still scarce. Although the Texturometer has been widely used, no correlation between the results obtained with the Texturometer and the classical Warner-Bratzler has been yet established.
Considering that tenderness is one of the factors that most influences meat acceptance and that consumers nowadays are even willing to pay more for more tender meat (Font-i-Furnols & Guerrero, 2014) , the establishment of a state of the art and faster technique, that provides more accurate results and low variability to determine meat tenderness is an alternative of great economic importance. Therefore, the aim of this study was to evaluate the accuracy of shear force techniques obtained with the traditional Warner-Bratzler and the TA.XT plus Texturometer equipped with shear blades 1 and 3 mm thick and also to determine the correlations among them.
Materials and Methods

Sample preparation
A group of six meat muscles was chosen in order to provide a great range of shear force values, allowing thus the application of this technique to different degrees of tenderness: bovine Longissimus thoracis et lumborum (BLTL), Tensor fasciae latae (BTFL), Semitendinosus (BST), Psoas major (BPM), Biceps femoris (BBF) and swine Longissimus thoracis et lumborum (PLTL). Bovine (Bos indicus) and swine muscles were acquired from local markets and used immediately with no previous treatment. All tests were carried out in triplicate. Initially, pH was measured with a digital pHmeter (PG1800, Ind e Com. Eletrônica Gehaka Ltda., São Paulo, Brazil). Each whole muscle was then sliced into three steaks (2.5 cm thick), transversally to meat fibers orientation, and placed individually in aluminum trays, and finally cooked in an electric oven (Luxo 2.4 Classic, J. Ryal & Cia. Ltda., São Paulo, Brazil) at 170°C. Internal temperature was monitored with a meat probe thermometer (TH1200C, BourdonHaenni, Stuttgart, Germany).
Steaks were turned over when internal temperature reached 45°C, and remained inside the oven until internal temperature attained 70°C. After cooking, steaks were allowed to rest and cool to room temperature for approximately four hours. Cores (1.27 cm diameter) were removed in parallel to fiber orientation with the aid of a IJFS October 2016 Volume 5 pages [193] [194] [195] [196] [197] [198] [199] [200] [201] [202] hand-held coring device. Three cores were taken from each BTFL and BBF steak, 4 cores were taken from PBLTL steaks, 5 cores from BPM and 6 from BLTL and BST steaks, according to each steak's surface area. Crosshead speed was 250 mm/min and results were expressed also in kgf. In both case, the shear force was determined from the mechanical curves as the maximum force applied, using the Texture Expert V. 4.013.0 software (Stable Microsystems Ltd., Surrey, England).
Shear force determination tests
Cooking loss
To perform the cooking loss assessment, steaks were weighed in aluminum trays previously tared before and after cooking, with an analytical scale (BG2000, Gehaka, Ind e Com. Eletrônica Gehaka Ltda., São Paulo SP, Brazil). Cooking loss percentage was calculated as the difference between both weights, and was expressed as %.
Proximate composition
Meat portions that were not used to assess shear force were mixed and homogenized in a multi blender (Mega master Plus, Philips Walita, São Paulo SP, Brazil) in order to obtain a single and homogeneous sample of each muscle. Consequently, aliquots of those samples were taken to perform moisture, protein, lipid and ash content determinations according to classical methodologies (AOAC, 2011).
Statistical analysis
Three repetitions of each muscle were considered for the statistical analysis, as well as their respective replicates, which varied according to steaks' surface area, as previously mentioned on the item Sample preparation. Descriptive analysis of the shear force data were carried out to characterize each of the assessed apparatus. These analyses were submitted to PROC UNIVARIATE procedure from Statistical Analysis System software (SAS Version 9.2, SAS Institute Inc., Cary, NC).
To evaluate shear force, considering the different muscle types and the three techniques, analysis of variance (ANOVA) was used and Tukey's test were carried out as procedures of multiple comparisons whenever significant results were observed.
With the aim of evaluating the existing correlation among techniques, regression analyses of the shear force values obtained with the texturometer (TXT1 and TXT3) as independent variables and of the shear force value obtained with the Warner-Bratzler (WB) as the dependent variable were carried out. Pearson's correlations were also performed to evaluate cooking loss and shear force data.
Results and Discussion
It is well known that several extrinsic factors (eg.: genotype, age, sex, type of feeding, transport conditions, slaughter, and aging process, for instance), and that some intrinsic factors (eg.: pH, fat, and collagen content) can influence meat tenderness ( , 2006) . However, these intrinsic factors, of basic meat composition, depend on the muscle type, its location, and muscle work intensity during animal's life (Wyrwisz, Poltorak, Zalewska, Zaremba, & Wierzbicka, 2012) . Thus, it is always interesting to know the meat composition (Table 1) when work is carried out on several kinds of muscles.
Beef pH values, between 5.6 and 5.7 (Table 1) , can be considered as normal, indicating that suitable pre-slaughter handling was performed.
On the other hand, pork pH (6.2) values were higher (p<0.05) than beef and above normal range (5.5 to 6.0) after 24h post mortem ( Vanderwal, Bolink, & Merkus, 1988) , suggesting inappropriate pre-slaughter handling. Moisture ranged from 51.0 g 100 g −1 (BBF) to 67.4 g 100 g −1 (PLTL), with significant differences (p<0.05) among most muscles (Table  1) . Protein values varied between 24.7 g 100 g −1 and 33.2 g 100 g −1 , with BLTL, BPM and PLTL showing the highest values, whereas BTFL and BBF the lowest ones. With regard to lipids, it was observed that BTFL and BBF had the greatest values (p<0.05), indicating muscles with higher amount of superficial fat and marbling. In contrast, PLTL showed the lowest lipid level (p<0.05). In general, significant differences were observed among all muscles, except between BTFL and BBF. No significant (p>0.05) differences among ash content were observed, which remained around 1.4 g 100 g −1 . Cooking loss is a functional property inversely related to water holding capacity of meat and is of great technological importance. This parameter is associated with the ability of meat to retain its moisture or juice during the application of external forces, such as cutting, heating, grinding or squeezing. In this study, PLTL had the highest mean value (37.2%), which significantly differed (p<0.05) from BTFL and BST but was not significantly different from BLTL, BPM and BBF. Moreover, BTFL and BST showed the lowest mean values (28.9 and 28.1%, respectively) but were not significantly different from BLTL, BPM and BBF. Cooking loss is also related to meat tenderness (Yancey, Wharton, & Apple, 2011) , however no strong Pearson's correlation (0.23, 0.16, and 0.24) among cooking loss (Table  1 ) and shear force obtained by WB, TXT1, and TXT3, respectively, was observed in the present study. Besides for BLTL, that showed similar results (p>0.05), every muscle analyzed presented shear force mean values according to the following descending order: TXT3 > WB and TXT1 (Table 2), which was expected to some extent, since the amount of force needed to shear the sample increases as the blade thickness is increased (Bourne, 2002 a−e Means within a row with a common letter do not differ statistically by Tukey's test at a 5% significance level.
1 BLTL: Bovine Longissimus thoracis et lumborum, BTFL: Bovine Tensor fasciae latae, BST: Bovine Semitendinosus, BPM: Bovine Psoas major, BBF: Bovine Biceps femoris; PLTL: Swine Longissimus thoracis et lumborum the effect of blade thickness using a texturometer on texture of Longissimus, observed that the 1 mm blade provides greater sensibility to the assay when compared to the 3 mm one. The lowest mean values were obtained for BLTL within each tested technique. Besides that, mean values of WB and TXT1 were very similar, suggesting a good similarity between these techniques for that muscle. Similar behavior was also observed for BST. The muscles BBF and BPM showed the highest mean shear force values for all the tested techniques. BBF results were in agreement to what has been found in the literature (Hildrum et al., 2009; Shackelford, Wheeler, & Koohmaraie, 1995; Stolowski et al., 2006) ; however, BPM results were in disagreement (Belew, Brooks, McKenna, & Savell, 2003; Rhee, Wheeler, Shackelford, & Koohmaraie, 2004; Shackelford et al., 1995) . This fact may indicate the occurrence of other physical principles than shearing during the tests, since this muscle is reported as one of the most tender in several studies about sensory texture (Carmack, Kastner, Dikeman, Schwenke, & Zepeda, 1995; Rhee et al., 2004; Shackelford et al., 1995) . PLTL presented relatively low means compared to bovine muscles. WB and TXT1 results for this muscle were similar to what has been reported by Rees, Trout, and Warner (2002) in different locations along swine Longissimus thoracis et lumborum muscles. For all applied techniques, BLTL and BST showed very similar data variation (standard error) within each muscle. With such results, effect of the techniques used to determine shear force is evidently a minor issue for these muscles. On the contrary, BBF and BPM showed the greatest variation when compared to the other bovine muscles, which is probably related to the highest mean values and the possible occurrence of other physical principles besides shearing. BTFL presented the lowest data variation (standard error values), while PLTL showed the greatest. Besides the possible occurrence of other physical principles, these values may also indicate an effect of the intrinsic factors from the meat muscle (PLTL) on the test performance and accuracy. Shackelford et al. (1995) , in a study about shear force of 10 different muscles reported standard error values of 0.3, 0.2, 0.1, and 0.2 for BLTL, BST, BPM, and BBF, respectively. Contradictorily, Belew et al. (2003) found very low standard errors (0.05) for BPM, BTFL, Bovine Longissimus thoracis, and Bovine Longissimus lumborum. Such differences may occur because according to Koohmaraie et al. (2002) intrinsic factors affecting meat tenderness are muscle dependent. Besides that, it is well known that different animal breed or category can also influence meat tenderness. The texturometer equipped with the 3 mm blade presented less accuracy (standard errors) and higher mean values for most muscles, suggesting that this blade overestimated results and promoted greater variability in determining meat tenderness by shear force. On the contrary, TXT1 showed more accuracy for most muscles. After the analysis of variance (Table 2) observed that the interaction muscle x technique was significant at a 5% probability, indicating the dependence between them. Among the six target muscles, only BLTL was not significantly influenced (p>0.05) by the technique. For all the other muscles, shear force results obtained by the TXT3 were significantly higher (p<0.05) than results obtained by WB and TXT1, confirming that this technique overestimated the shear force results for such muscles. This behavior must be credited to the meat tissue structure, structure variability and to the fact that the blade pressure (force/area) is smaller for a larger area blade. In this situation the total force needed to shear the meat sample will probably be influenced by a larger compression component, as well as by a larger portion of the convective tissue, which has to be ruptured. Similarly, Pinto et al. (2010) did not find significant difference (p>0.05) between results obtained for Bovine Longissimus dorsi using 1 and 3 mm blades. In this same study, comparing shear force of samples submitted to slow and fast chilling, authors reported significant difference when using 1 mm shear blade, whereas no difference among samples was obtained with the 3 mm one. With the aim of evaluating the existing correlations among techniques, regression analyses (Table 2) using shear force results were performed. Linear equations with coefficients of determination (R 2 ) 0.47 and 0.57 between shear force results obtained by WB and TXT1 and WB and TXT3 (Figure 2) , respectively, were obtained. Although coefficients of determination were relatively low, models were significant (Table 3) by the Warner-Bratzler device, linear correlations with angular coefficients equal to one (the unit) would be expected. Nevertheless, in this study it was observed that the angular coefficients not only differed from the unit, but also differed among themselves: TXT1 coefficient was close to one, whereas the one obtained for TXT3 was not (Table 3 ). The main consequence of such differences is that values calculated with the equations generated will be more or less distant from the expected, according to their magnitude. The first possible explanation for this difference between the angular coefficients would be the difference in thickness of blades, since by definition tension is the quotient of applied force by the area in which the force was applied (Bourne, 2002) . Nonetheless, it was observed that the ratio between the thickness of the blades used at the texturometer, which was 3.04 (3.07 mm/1.01 mm), is superior to the ratio between the respective angular coefficients of 0.61 (0.49/0.8). Thus, other possible explanations for these findings may be related to: i) differences in obtaining cores (Otremba et al., 1999; Wheeler et al., 1996; ; ii) differences between the cooking endpoint of samples (Obuz, Dikeman, Grobbel, Stephens, & Loughin, 2004; Wheeler et al., 1996; Yancey et al., 2011) , despite the rigorous control of the process; iii) differences in the speeds of the shear blades, which is difficult to predict, since this parameter is fixed, but not necessarily known, at the Warner-Bratzler device ; iv) and due to a slight difference in the shapes of blades, since the one used at the Warner-Bratzler device (Figure 1a ) has a round shaped angle (Otremba et al., 1999) , while texturometer ones have triangular shape with a welldefined angle (Figure 1b,c) . Lorenzen et al. (2010) found correlation coefficients ranging from 0.49 to 0.69 (p<0.05) when comparing Warner-Bratzler and Slice Shear Force techniques on commercial samples of top loin in the USA, which were lower than the re-sults found in the current work (0.69 and 0.75).
Conclusions
The 1 mm blade (TA.XT plus Texture Analyzer, V shaped blade) and the Warner-Bratzler (Warner-Bratzler machine) are reproducible for all tested muscles as well as the 3 mm blade solely for the BLTL muscle. Consequently these techniques will statistically generate similar results for the reported muscles. However the 3 mm blade is not reproducible compared to the 1 mm blade and the Warner-Bratzler for the BTFL, BST, BPM, BBF, PLTL. With experimental conditions prevailing in this study, there is a significant correlation between the results of shear force determination obtained by the technique using the classical Warner-Bratzler and the TA-XT2 Texturometer equipped with shear blades 1 and 3 mm thick. The TXT1 technique is an accurate method for evaluating meat tenderness in different beef muscles. The TA-XT2 Texturometer, which is as modern apparatus, equipped with the 1mm shear blade can perfectly replace the traditional Warner-Bratzler device, since these techniques are strongly correlated and results from both techniques are statistically the same.
